In this problematic, we are working on a systematic and robust conception flow. Figure 2 describes the whole conception flow, starting from the conceptual specifications thru mask design and finishing with the complete simulation at system level. The main challenge concerns the bottom-up conception flow (Figure 2 ) which needs a special effort in the modeling of the full process of MEMS technology. In fact we need to create a virtual prototype of the device able to take into account the inherent interrelated physical phenomena at process level and play, such as initial stress, mechanical contact, temperature, thermoelastic, electromagnetic effects. The best way to solve each coupled physics simultaneously (not sequentially) relies on using only one tool. For example, two softwares provided by ANSYS and COMSOL offer multiphysics environment. Even these multiphysics software are great, we cannot hope a well proven and dedicated tool to solve each specifics physics with respect to a reasonable time consuming. So this chapter outlines an original approach based on reverse engineering method used to both interface different Computer-Aided Design (CAD) softwares each other and also advanced characterization software. 
Reverse Engineering method
The basic idea is really simple, reverse engineering is a method to create a 3D virtual model of an existing physical part for use in 3D CAD software. The reverse engineering process involves measuring an object and then reconstructing it as a 3D model. The physical object can be measured using 3D scanning technologies like optical profilometer or Atomic Force Microscopy (AFM) for example. The measured data alone, usually represented as a point cloud, lacks topological information and is therefore processed and modeled into a more usable format such as a stereolithography format which is an ASCII file used in standard CAD softwares. Thus, our concept relies on this method to first build the model using the real shape of the device (process level) and then to interface different software each other. The last point needs to create a new 3D virtual model from the deformed shape obtained with the simulations made by the software called 1 as the input of software called 2, so a sequential coupling can be done using different software.
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Applications

Capacitance simulation
This application shows our reverse engineering method to discover the origin of the mismatch between the theoretical down state capacitance and measurements of an RF-MEMS Capacitive Switch. This numeric approach allows us to understand the roughness effect of the dielectric on the down-state capacitance. The agreement between the modelling and the analytical model is very good and validates this novel numeric step. For capacitive switches, both dielectric charging and surface roughness (Palasantzas & DeHosson, 2006) will impact the isolation. So, to enhance the down-state capacitance, we focus our work on a methodology to simulate the real capacitance using the measured data of the dielectric surface. The goal of this application is to show how to set up and generate a CAD model obtained by measured data.
Roughness characterization
Figure 3. Roughness characterization for RF MEMS switch Topographical characterization of both the textured dielectric on the central conductor above the beam and the gold surface on the bottom was performed using optical profilometry ( Figure 3 ). This technique, using Wyko NT1000 from Veeko instrumentation, allows to map the surface in 3-D without affecting the surface properties or deforming the substrate. Profilometry data and 3-D rendering of the surface was accomplished using WYKO Vision32 version 2.303 software package.
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Many parameters are used to describe surface roughness but we can distinguished two main parameters (see Figure 4 ): • Ra, Roughness Average (Absolute value of the surface height averaged over the surface ie high frequency aspect) • la, Average Wavelength (mean spacing between peaks, with a peak defined relative to the mean line ie low frequency aspect) = Figure 4 . Roughness decomposition
Analytic expression of the down state capacitance
We define an analytic model for the down state capacitance of RF MEMS Switch (see Figure  5 ) which take into account air gap between the beam and the dielectric using low-pass filter (average wavelength) and high-pass filter (average roughness) as it is shown in figure 3.
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Reverse engineering methodology
We used an optical profilometer (VEECO) to capture three-dimensional (3D) data points of the dielectric surface. Then, using Matlab functions we insert the generated surface as the top surface of a block. For CAD modeling, the segmented data are further transformed into individual surfaces. Several mathematical schemes for representing geometrical shapes are available. We choose to convert the closed surface into stereolithography format because this is an ASCII file used in most standard CAD softwares. Moreover, generated solid model are described by a list of the triangular surfaces which can be easily implemented on Matlab. The last step is to import the generated solid into a CAD software (COMSOL) to make the down-state capacitance analysis. Figure 6 illustrates the full method and data flow : dielectric roughness is scanned by the optical profilometer (A) to generate an ASCII file (B) representative of 3D coordinates points of the surface. Than solid model (C) and object file (E) as STL, VRML or Comsol geometry can be obtained using Matlab. To enhance the shape, one can use (D) some filters (filter2 for MatLab or a CAD software , CATIA for example).
After this, the model is ready to be imported into a finite element software (F Figure 6 . Description of the Reverse Engineering method
Results and discussions
Measured capacitances were realized using automatic probe station facility (Karl Suss AP6, see Figure 7 ) including an optical profilometer (Fogale). In order to decrease the number of freedom during the finite element analysis, capacitance simulations were performed using a reduced area (647.61 µm²) mapped by the optical profilometer. So we assume the roughness fluctuations of the in plane position is correctly estimated by the reduced sample. Thus we modified the simulated capacitance multiplying it by 16 which is the ratio of the real area and the simulated area (1.04e4/647.61=16). Simulated capacitance is obtained using a multiphysics software (COMSOL 3.2). Table 2 shows the simulated and corrected results obtained from simulation as shown in Figure 8 .
Simulated capacitance Simulated capacitance with area correction (x16) 6,222879e-2 pF 0.999335 pF Figure 4 ) uses air gap and dielectric volumes obtained by integration during simulations (see Figure 7 ) : 2 0a i rd i e l total air diel diel air
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To show the influence of the roughness we calculated the theoretical capacitance (Eq.2) for flat plate capacitor:
0d i e l th air
As shown in table 3, simulated and calculated capacitances are closed within 4.2%. This difference could be explained by the electric field gradient near the peaks that increased locally the capacitance, theses effects are not introduced in our analytic model.
Simulated
Calculated Measured 0.999335 pF 0.9571255 pF 1.41 pF Table 3 . Capacitance results But there is an important mismatch, near 30%, between simulated (or calculated) and measured data of down state capacitance. We assume this difference relies on the three following points: Simulations were done without accounting: 1. for fringing fields (beam length was taken as the central conductor width) 2. for rough surface of the beam 3. for real contact beam versus dielectric at pull in voltage (we assume the beam to be stopped by the highest dielectric peaks, see Figure 9 ) Simulations show (as predicted) down-state capacitance decrease with the roughness of the dielectric about three time less than the theoretical formulation on flat plate capacitor. We find an accurate analytic model of the down state capacitance which take into account the roughness including an air gap capacitor. Moreover, Mismatches between simulated and measured data are explained and will be studied in further work to improve our model.
Electrical contact resistance simulation
For the DC contact RF MEMS, it has been identified that most of the limitations are related to the quality and the repeatability of the contact that drive the RF performance (insertion losses, isolation, power handling) and the reliability (Rebeiz, 2003) . In order to propose new generation of RF MEMS devices, it is important to get a deeper insight on the physic of contact in order to choose appropriate materials, topology and architecture. It has to be furthermore outlined that the insertion of RF MEMS into real architecture will necessitate reduced actuation voltage, dimensions and a better control of the electrical and electromechanical behavior that will give more importance to surface effects. The testing and development of contact material or contact topology can be addressed with a dedicated experimental set up for monitoring test structures. However, it is difficult to perform the tests under realistic conditions and in particular to duplicate the switch geometry, the contact geometry and the contact force. Moreover, the fabrication process must be optimized and it may take many months to fabricate a set of switches to test a single candidate contact material or contact bump shape. In order to tackle these issues advanced simulation tools are needed. These tools for finite element analysis allow us to model assembly structures quickly and accurately with a minimal amount of effort. Then, they offer precious guidelines to choose appropriate design parameters and contact material. In this section, we present an innovative numerical method used to calculate the contact resistance between rough surfaces from real shape of the surfaces that come in contact.
Reverse engineering methodology
So far, surface effects were ignored in the analysis, because of the difficulty to generate a rough surface model and also to simplify the model in order to reduce computation times.
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With the increase of computation capabilities, the topography of the surface can be included in finite element simulations. Thus we describe the new methodology that allows the simulation of the DC contact of RF MEMS devices through finite element multi-physics simulation and surface characterization. A variety of methods to generate rough surfaces have been proposed. But all of these methods deal with a statistical or fractal description of the surface's roughness. The originality of this work relies on a novel approach using a reverse engineering method to generate the real shape of the surface. For this purpose, we used either an optical profilometer (VEECO) or an Atomic Force Microscope (AFM) to capture three-dimensional data points of contact surfaces. Then, using Matlab functions we convert the closed surface from a stereo-lithographic format to an ASCII file compatible with ANSYS Parametric Design Language (APDL). In the final step, the rough surface was obtained by creating key points from the imported file. Since the key points are not co-planar, ANSYS uses Coons patches to generate the surface, and then we used a bottom up solid modeling to create the block volume with the rough surface on the top. Figure 10 describes the full method developed on ANSYS platform. 
Model definition and simulation
The model consists of an electroplated gold layer defined as a flexible material (Figure 11 ) with a Young's modulus and a Poisson's ratio taken respectively to 80GPa and 0.42. Yield stress is also introduced and the material behavior is described by a bilinear stress-strain curve starting at the origin with positive stress and strain values. Since the evaporated/electroplated gold bilayer of the beam is deposited during the fabrication on a photoresist sacrificial layer, the roughness of the bottom membrane (dimple) can be neglected. And so the target surface (indentor) is assumed to be a flat, smooth surface.
Figure 11. Model definition
To perform the finite element analysis, we choose the combined method based on penalty and lagrangian methods called the Augmented Lagrange method (see Figure 12 ). That is a penalty method with penetration control :
• The Newton-Raphson iterations start off similar to the pure penalty method.
• Similar to the pure Lagrange multiplier method, the real constant TOLN determines the maximum allowable penetration.
•
If the penetration at a given equilibrium iteration exceeds this maximum allowable penetration (x pene ), the contact stiffness per contact element (k cont ) is augmented with Lagrange multipliers for contact force (λ i ). For the contact element's stiffness, the force is:
if the penetration is greater than the maximum allowed value. This numerical method is used to predict the real contact area as a function of the contact force between rough surfaces starting from real shape of the surfaces that come in contact. Then using analytical expressions it is possible to extract the electrical contact resistance. The novel approach relies on a reverse engineering method to generate the real shape of the surface. The post-processing generates the distribution of the contact pressure on the contact surface. From the pressure distribution and size of each contact spot it is possible then to use an analytical expression (see next section) to extract the electrical contact resistance.
Rigid plate as target element (170) Flexible block with roughness as contact surface (174) www.intechopen.com 
Overview of theories for the electrical contact resistance
Several works have already been published about the different theories describing the electrical contact. Thus, this part proposes several ways to estimate the Electrical Contact Resistance (ECR) called Rc, depending at the same time on the mechanical behaviour, directly governing by the contact area, and on electrical assumptions.
Contact resistance models for a single circular contact spot
The way the electrons are transported through electrical connections (ballistic, quasi-ballistic or ohmic transport) between two contact parts of a MEMS switch needs to be determined in order to evaluate the resistance of contact, (Coutu et al., 2006) .
Ohmic contact
Firstly, if considering a single circular spot of contact, "Ohmic contact" means that the contact size a, that is to say its radius, is at least one order of magnitude higher than the mean free path le of the electrons in the material (le << a). In this case the Ohm's law can be applied everywhere, (Holm, 1999) . The measured contact resistance is dominated essentially by a diffuse scattering mechanism, and is given by the Maxwell spreading resistance formula (Eq.3):
Ballistic contact
This model must be used if the mean free path of the electrons, le, is high compared with the radius of contact. The conduction of the contact spot is then dominated by a semi-classical approximation called Sharvin's resistance (Sharvin, 1965) :
where a is the radius of the contact spot.
Mixed conduction
If the two precedent models are not applicable (l e ~ a), a mixed one has to be used in this middle situation. Wexler (Wexler, 1966) has given a solution of the Boltzmann equation using variational principle to maintain the continuity of the conduction behaviour between the diffusive and the ballistic domain:
with Γ(K) a slowly varying Gamma function. Mikrajuddin et al., 1999 , derived a well behaved Gamma function. In conclusion, the only criterion used here to discriminate the models is the radius of the contact area a compared to the mean free path of the electrons in the material le. Secondly, it is important to keep in mind that, generally, the current flows is spread over multiple asperities. Three different models with the consideration of interactions between each contact point can be used to find approximate solutions: Holm's, Greenwood's and Boyer's models.
Contact resistance models for a cluster of circular microcontact
In general, multiple asperities come into contact resulting in multiple contact spots of varying sizes. The effective contact resistance arising from the contact spots depends on the radii of the spots and the distribution of the spots on the contact surface.
Ballistic contact
This model can be correctly used if the radius of the apparent contact area (that contains all the contact spots) is smaller than the electron mean free path. In this case, the formula of Sharvin's resistance is applied by computing the resistance of a circular area of radius aeff www.intechopen.com and of area equal to the total area of all the individual contact spots combined (for N asperities, aeff = N.a).
Ohmic contact
A lower bound can be obtained on the contact resistance by assuming that contact spots are independent and conduct in parallel. Exact solution when the radii of contact spots are small compared to the separation between the spots. Denoting the contact resistance of a spot i as Ri:
Considering the case of n elementary spots of radius a regularly spread in a disc of radius R representing the interface of contact of two metals of equal resistivity ρ, an improved expression) of the resistance is proposed, (Timsit, 1999) , (Holm, 1999) :
where the first term represents the resistance of all the spots in parallel, and the second term, the resistance due to the interaction between all the spots. Greenwood (Greenwood, 1966) derived a formula for the constriction resistance of a set of circular spots. The electrodes communicate via the spots with no interface film between them.
with ai the radius of the spot i, dij the distance between the centers of the spots i and j. If there is no correlation between the size of a given spot and its position, the author presented a formula resulting from an approximation of equation 8 :
This formula is exact when the n spots are all the same size. In the case where the spots are regularly spread inside a disc of radius R, Greenwood substitutes the double summation in (Eq. 9) by 16n²/3ΠR, using the Timoshenko and Goodier's approximation :
And as 16/3Π²=0.5404, the equation 10 is close to the Holm's expression (Eq. 7).
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As this expression is still incorrect with R=a and n=1, Boyer, Noël and Houzé (Boyer et al., 1990) , (Boyer, 2001 ) introduce a new expression for the constriction resistance which introduce a correction term that will be effective in the limit case of a single contact spot :
In conclusion, the radius of the contact area a and the number of asperities N, and its comparison with the mean free path of the electrons in the material le, allow us to discriminate an electric contact model in diffusive or ballistic electron transport. Then, for a cluster of microcontact, the possible presence of interaction between different asperities leads to the choice of the more appropriate model.
Influence of contamination thin films
When a conductive film of surface resistance λ (Ωm²) is present between two electrodes communicating through a circular spot of radius a, a resistance due to the presence of this film Rfilm has to be added to the Maxwell resistance R M .
For n circular contact spots of radius a, the resistance Rfilm of the interface film is:
Results and discussion
In ANSYS post-processing, we can extract the nodes on the contact surface for which the contact pressure is not null. Next, we developed a program allowing the extraction of the real shape and dimensions of each contact spot. From the distribution and size of the contacts spots we can use an analytical expression (based on Wexler's approximation of the integral) to extract the electrical contact resistance (Eq. 12). In fact, for both ohmic constriction and boundary scattering, the contact resistance Rc for a spot of radius a is, (Wexler, 1966) and (Coutu, 2006) :
Where l e is the electron mean free path, and ρ is the electrical resistivity. RM is the Maxwell spreading resistance (the resistance due to lattice scattering, diffusive transport), and RS is the Sharvin resistance (the additional resistance due to boundary scattering in small constrictions, ballistic transport). Using this model for a single spot and the Greenwood's model for a cluster of microcontacts (Eq.6), we performed the contact resistance of all single contact spots in parallel and then added the resistance due to their interaction. The graph figure 13 illustrates the evolution of contact resistance as a function of the applied force.
Application manager for interfacing different CAD
Introduction
To simulate different topologies of deformable micro structures, some multiphysics softwares are under investigation. In order to weigh the software, the criteria are the precision of the results with an acceptable time of calculation to simulate different models with multiple variables. The existance of COMSOL 3.3, at a time linking all the physics and having a good interactive interface seemed to be a good solution. Being incomplete, COMSOL 3.3 needed to be linked to another software to complete its functions and make it more powerful. As a first step, we validated the numerical platform by comparing results of different softwares (Peyrou et al., 2006) and also some analytical solutions (Achkar et al., 2007) . The basic advantages and drawbacks of each softwares were considered then we have developed a method to link COMSOL and ANSYS since we think they are complementary. In terms of time of calculation, an interesting result concerning the speed of COMSOL to solve the problem when compared to ANSYS, while keeping the same precision of calculation.
Problem definition
In the domain of structural mechanics, the major difficulty in design relies on, modelling MEMS having high aspect ratio, properly defining the material properties used, and well describing the geometry defined by the technological process. Generally, in MEMS simulations, we need to combine with the mechanical simulation other physics like Electrostatics, Piezoelectricity… from where comes the need for multi-physics softwares. Multiphysics softwares are now getting more abundant in the research domain specialy in the MEMS domain where different physics find their arena to show their interaction and their influence on these systems. For any application in MEMS, deformable micro structures using different kinds of actuation with repetitive behaviour are to be simulated in order to study their possible functionning. This functionning is based on designing a mechanical structure deformed piezoelectricaly (Chen et al., 2004) , thermomechanicaly, or electrostaticaly, mainly to get into contact with another part, in order to play an electrical function.
To facilitate the task of designers, we need a multiphysics software offering at a time, a well developed solver to reduce the time of calculation and a facility to build parametric models (parametric geometry and parametric properties), without loosing too much accuracy on the results. Following this need, COMSOL 3.3 appeared as software that is capable to do piezoelectric simulations combined to mechanical structure and contact problems, without forgetting thermal and initial stress effects. The problem appears here, when we need to simulate complicated contact problems and where COMSOL solver fails most of the time.
When talking about contact in COMSOL, it is somehow critical and difficult to converge the simulation specially that we have to vary the contact parameters and it's still not sure to converge. The convergence of the contact model using COMSOL failed; one have then to find a way to link both ANSYS and COMSOL in order to use ANSYS contact models. By exchanging the deformed geometry between them and then running the convenient simulation using the appropriate tool, some simulation problems can be solved. In this chapter, you will learn how to link the software the most efficient for your application in order to obtain a complete tool to analyse your structures. Both the accuracy of COMSOL in deflection and stress, and the reduced calculation time makes it very useful and specially after completing its contact models with ANSYS contact model.
Description of the method
As already stated, we need to link ANSYS and COMSOL in a way to exchange deformed geometry and treat it in the convenient software. This section describes the full method in order to regenerate geometries starting from the deformation obtained from a mechanical simulation. A very practical way to run simulations on two different softwares, is to pilot it using Matlab. To achieve our purpose, we created in Matlab some functions which make the piloting and the link between the softwares easier. In what follows, the flow chart shows the key steps of the method by using a simple membrane of 200x200µm 2 subjected to constant pressure and blocked at its corner. We can begin the cycle from where we want, either from ANSYS or from COMSOL. In the flow chart, we began from COMSOL, with a simple membrane under pressure ( Figure 14 ). This is a typical material characterization test used in MEMS (Xiang & Vlassak, 2004) and (Xiang & Vlassak, 2005) . The geometry is drawn, and then the loads and boundary conditions are applied. A mechanical simulation is run in order to obtain the deformation of the membrane.
Considering that a contact analysis is needed after the deformation of the membrane, so we export the deformation of the membrane into a text file. In the text file there will be the displacement of each node of the chosen surface of interest as well as some data that we don't need. Matlab will treat this file to clean unneeded information and to reorganize data in the file. The treated file will be used then to create a cloud of keypoints, by creating it one by one, and then generating surfaces from the keypoints. In ANSYS now, we will mesh the regenerated geometry, we will define the physics that we need to study (in our case it's the contact) and then run a new simulation. The deformation is once again output in a text file, giving the displacement value for each node of the surface of interest. Another treatment and organization of the output data file, before being injected in the function that we created in Matlab which regenerates the surface and export it to COMSOL. The geometry is ready to be used in COMSOL, new objects can be added to it, for example electrode, before going into meshing and then boundary condition, to finish into a new simulation. The loop can turn as much times as we need, passing from software to another, until we attain our goal.
